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(54) Visual displays 

(57) Variable viewing angle liquid crystal display 
screen systems are disclosed. They are useful, e.g. in 
automatic teller machines where, during parts of a trans- 
action with a user, it is undesirable that information on 
screen can be read by others. 

In accordance with the invention, interposed in a 
conventional display arrangement of reflector (2), back- 
light (1), diffuser (3), optional brightness enhancer (4, 5) 



and transmission type screen (6) are a collimator (10) 
and a variable diffuser (11). If the variable diffuser (11) 
is set to transparent, the light passing through the trans- 
mission type screen (6) is still collimated and according- 
ly the display on the screen is only effectively visible over 
a narrow viewing angle. If the diffuser (11 ) is set to dif- 
fuse the collimated light, then the display is visible over 
a very wide range of angles. 
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Description 

[0001 ] This invention relates to visual displays and, in 
particular, to displays enabling variation of the relation- 
ship between brightness and viewing angle. 
[0002] It is well-known that in connection with any flat 
screen display, there is a relationship between the per- 
ceived brightness of the display and the viewing angle 
relative to the plane of the flat screen. This variation can 
be of value or a disadvantage, depending upon circum- 
stances. Thus, in connection with a retro-reflective 
beaded cinema screen, the relatively narrow angle over 
which a satisfactorily bright image may be seen forces 
the design of narrower cinemas deeper from front to 
back, which may not always be the best use of space. 
On the other hand, in applications where the information 
to be displayed on screen may be needing to be kept 
secure, for example on the screen of a video display 
unit, it may be desirable to ensure that the image dis- 
played on the screen can only be seen over a highly 
restricted range of viewing angles, usually only if the 
viewer's eyes are in a relatively narrow angled cone hav- 
ing its axis normal to the plane of the screen. 
[0003] It is well-known to provide security screens for 
fitting over cathode ray tube displays. These consist of 
a screen incorporating some form of louvre, the compo- 
nents of the louvre running essentially in planes normal 
to the plane of the screen. The louvre may consist of a 
plurality of parallel planes in which case the restriction 
in viewing angle will apply, e.g. horizontally but not ver- 
tically or vice versa, or it may consist of a set of cells, e. 
g. formed by the notional intersection of two sets of or- 
thogonal louvre panels, or, for example, the louvre may 
take the form of a honeycomb type construction. 
[0004] In all such cases, the restriction on viewing an- 
gle imparted by the louvre type screen is permanent and 
invariable once the screen has been placed over the 
face of the display. While, in many cases, this may be 
entirely satisfactory, equally it is often not satisfactory at 
all. 

[0005] In a screen display system is disclosed in 
which the range of viewing angles can be altered by the 
use of a screen which has an actuatable louvre. When 
unactuated, the screen is transparent and the display 
screen which it overlies can accordingly be viewed from 
a relatively wide range of viewing angles. If the actuat- 
able louvre screen is actuated, on the other hand, 
planes within the screen running substantially perpen- 
dicular to the display screen are rendered opaque, and 
accordingly the display screen can only be viewed when 
those planes are substantially edge on to the observer. 
Thus, by simply actuating this type of louvre screen, the 
display viewing angle may be varied from wide to narrow 
and vice versa. Such a actuatable buvre screen is de- 
scribed in more detail in the above-noted application, 
and may be straightforwardly constructed using stand- 
ard liquid crystal display technology. 
[0006] One of the disadvantages of the system pro- 



posed in EP-A-0802684 is that the louvre screen must 
be placed over the display, which inevitably reduces the 
brightness of that display. This is naturally disadvanta- 
geous. 

5 [0007] The problem underlying the invention is to pro- 
duce a variable viewing angle display which does not 
suffer from the disadvantages of the prior suggestions. 
[0008] We have nowfound that variable viewing angle 
displays may be constructed by interposing between a 

10 standard diffuse backlight illumination source and a 
transmission type liquid crystal display means for colli- 
mating the illumination from the backlight display to a 
greater or lesser extent. 

[0009] Preferably, the means consist essentially of a 

is collimator device adjacent a standard diffuse backlight 
unit and, between the collimator device and the trans- 
mission type liquid crystal display, a transparent/trans- 
lucent member of controllable diffusrvrty. This last mem- 
ber should preferably be controllable between a state in 

20 which it is entirely transparent, i.e. allows the collimated 
light simply to pass through it without lateral dispersion 
or diffusion and one in which it is highly diffusive so that 
it acts to scatter and re-emit the collimated light, the re- 
emission occurring over a wide range of angles relative 

25 to the plane of the device itself. 

[0010] The collimator device may be any convenient 
device which will act to channel the light from the diffuse 
backlight source so as to emerge effectively as a colli- 
mated beam. Preferred are thin films containing an in- 

30 temat louvre structure with the planes of the louvres be- 
ing essentially perpendicular to the plane of the film. The 
louvre spacing is generally substantially less than the 
thickness of the film, most preferably between ten per- 
cent and ? percent of the thickness of the film. The lower 

35 the percentage the greater the collimation, but the great- 
er, usually, the expense of manufacturing the louvre film 
and/or the greater the transmission losses through the 
film. 

[001 1] It is often found useful to use a pair of adjacent 
40 louvre films, each with a relatively low ratio of louvre 
spacing to film thickness, for example from 1 to 4 to 1 
to 7, since the combined louvre spacing to thickness ra- 
tio is then half that of either film but, more importantly, 
the tendency to form moire patterns between the colli- 
45 mation device and the transmission type liquid crystal 
display is perceptibly reduced. 

[0012] As noted above, between the transmission 
type liquid crystal display and the collimating device, 
there is a variable diffusibility device. Preferably, this 

so takes the form of a so-called scattering cell which can 
be rendered optically transparent or optically scattering 
by the application of an appropriate electrical field to ma- 
terial, usually a liquid crystal material, comprised within 
the cell. Two known types of scattering cell may be used, 

55 viz. polymer dispersed liquid crystal cells or reverse 
mode polymer stabilised cholesteric texture cells. Both 
types are commercially available. 
[0013] As will be apparent from consideration of the 
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principle on which the present invention operates is that 
of varying the collimation/diffusion of the backlighting, 
the transmission type liquid crystal display may be se- 
lected from any such display, several varieties being al- 
ready commercially available. Thus, the present inven- 
tion may be used in combinations where the transmis- 
sion type liquid crystal display overlying the backlighting 
unit, collimating unit and variable diffusing unit is, for ex- 
ample, one of the following types: 

Super twisted nematic 
Twisted nematic 
In-plane switching 
Ferro-electric liquid crystal 
Passive matrix displays 

Active matrix displays using a thin film transistor 
matrix or a metal insulator metal matrix 

[0014] The invention is of particular value in connec- 
tion with display systems including transmission type 
display screens (usually LCD type screens) wherever 
security considerations are important. Thus, one partic- 
ular area of application is in connection with displays 
used in automatic teller machines, i.e. fixed installations 
usually located in public places and having a screen dis- 
play in a public place, the display giving information to 
a person who wishes to carry out some form of banking 
or other financial transaction, interacting with the ma- 
chine via their observation of the display screen and, 
usually, an input device such as a touch screen, touch 
pad, keypad, keyboard or the like. In particular, the 
present invention provides automatic teller machines in- 
cluding variable viewing angle displays as set out 
above, wherein the viewing angle for the display is 
changed in accordance with the operating status of the 
automatic teller machine. By way of example, when no- 
one is attempting to transact any business with the ma- 
chine, the viewing angle of the screen may be wide and 
the screen may carry, e.g. advertising information, ani- 
mated cartoons to attract attention, or the like. However, 
when a transaction involving, e.g. a customer's balance 
is attempted, the balance may be displayed on the 
screen, but only after the display has been switched to 
narrow viewing angle mode, thus enabling only the user 
of the machine to see the balance displayed. 
[0015] Other areas of application where it is desired 
for displays to operate in a relatively open mode at some 
stages, but a relatively secure mode in others, can be 
easily envisaged. 

[0016] The invention is illustrated by way of example 
with reference to the accompanying drawings in which: 
[0017] Figure 1 is a diagrammatic illustration, not to 
scale, of a prior art backlit transmissfve liquid crystal dis- 
play device; 

[0018] Figure 2 is a similar view to Figure 1 , but of a 
display device in accordance with the present invention. 
[001 9] Figure 3 is a perspective view of an automatic 
teller machine (ATM) and user. 



[0020] Figure 4 is a part section through the screen of 
the ATM. 

[0021] Figure 5 is a block diagram of the functional 
electronics of the ATM. 
5 [0022] Referring first to the prior art system shown in 
Figure 1 , this shows a backlit transmissive liquid crystal 
display device. It is not to scale, but rather diagrammat- 
ic. 

[0023] The transmissive LCD screen 6 is illuminated 
10 by a backlighting system consisting of a bank of fluores- 
cent lamps 1 backed by a mirror 2. The fluorescent 
lamps may be a single lamp or a serpentine fluorescent 
tube. 

[0024] Between the LCD screen 6 and the lamp(s) 1 
is are a diffuser 3 and two brightness enhancement films 
4, 5 of known type. The screen may be viewed from a 
wide range of angles, although it is brightest when 
viewed normal to the screen. 

[0025] Figure 2, in which the same reference numbers 
20 have been retained for the known parts, shows a system 
in accordance with the invention. Between the bright- 
ness enhancement film 5 and the LCD screen 6 are lo- 
cated a collimating unit 10 and a variable diffusiveness 
cell 1 1 . The cell 1 1 can be switched between a transpar- 
25 ent and a scattering state by applying an electrical field 
thereto. It may be a polymer dispersed liquid crystal cell 
or a reverse mode polymer stabilised col lister ic texture 
cell. Both of these are known. 

[0026] The collimating unit 10 consists of two louvre 

30 films through which light passes in essentially straight 
lines only. The greater the ratio of the combined depth 
of the films to the louvre spacing, the greater the degree 
of collimation and accordingly the narrower the beam of 
light which essentially then passes (when the variable 

35 diffusiveness cell 11 is purely transparent) through the 
cell 11 and then display screen 6. Although display 
screen 6 is itself slightly diffusive, it is only slightly so 
and this means that the display in screen 6 can then only 
be seen when viewed head on or over a narrow range 

40 of angles. 

[0027] Such screens are particularly useful in auto- 
matic teller machines. Figure 3 shows in perspective 
view an illustration of a man 24 standing in front of an 
automated teller machine 30 which has in standard 

45 fashion an insertion slot 14 for the man 24 to insert his 
ATM card 26. Interaction with the automated teller ma- 
chine takes place then via a keypad 16, into which, for 
example, a personal identification number may be 
punched by the user. There may be additional actuation 

so buttons located to either side of the screen 20 which the 
user 24 views during the transaction, or screen 20 may 
be provided with, e.g. an overlaying touch screen which 
can likewise be used for putting data correlated to the 
screen display. 

55 [0028] Once the transaction has been concluded, the 
ATM may, for example, dispense cash through a slot 18 
or printed data such as a transaction slip, statement of 
balance or the like through a sbt 22. 
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[0029] If the ATM is fitted with a display system in ac- 
cordance with the invention, then the angle over which 
the display may be satisfactorily viewed may be varied. 
This is easiest seen by looking at Figure 4 which is a 
diagrammatic vertical view of man 24 standing in front 
of the display 20. 

[0030] When he first does so, the display is visible 
over a wide range of angles, for example effectively be- 
tween the dashed lines W. However, once he starts ac- 
tuating the ATM, e.g. by inserting his card into card read- 
er 1 4, the display may be controlled such that it is visible 
only over a narrow range of angles between the lines N 
identified on Figure 4. 

[0031 ] Th is control is effected by the electron ics inter- 
nal ly of the ATM which are diagrammatical ly shown in 
Figure 5. Referring to this Figure, it can be seen that the 
ATM consists basically of a front panel with associated 
units 21 connected to a controller unit 31 located within 
the machine. Front panel 21, as indicated above, in- 
cludes a card reader 1 4, keypad 1 6, cash dispenser with 
slot 18, display 20 and a printer, e.g. for receipts, 22. 
These are connected to a processor unit 32 in controller 
unit 31 which may communicate as necessary via a bus 
36 with a memory unit 34. 

[0032] Signals from the card reader and keypad are 
fed via leads 42 and 44 into the processor unit 32 and 
leads 46, 48 and 50 enable the processor unit 32 to con- 
trol cash dispenser 1 8, display 20 and receipt printer 22. 
Although ail of these leads 42 to 50 are shown as single 
lines on Figure 5, they may, of course, be multiple con- 
ductor cables or other means down which relevant sig- 
nals may be sent. 

[0033] In accordance with the invention, the proces- 
sor unit is programmed to switch the display from wide 
angle viewing mode when no transactions are being op- 
erated to narrow angle viewing mode during a transac- 
tion. 



Claims 

1. A variable viewing angle display system including a 
diffuse backlight illumination source and an overly- 



light simply to pass through it without lateral disper- 
sion or diffusion, and one in which it is highly diffu- 
sive. 

5 4. A system according to Claim 3 wherein the variable 
diff usibility device is a scattering cell which can be 
rendered optically transparent or optically scatter- 
ing by the application of an appropriate electrical 
field to liquid crystal material within the cell. 

10 

5. A system according to Claim 4 wherein the scatter- 
ing cell is a polymer dispersed liquid crystal cell or 
a reverse mode polymer stabilised cholesteric tex- 
ture. 

is 

6. A system according to any one of Claims 1 to 5 
wherein the collimating device is a thin film contain- 
ing an internal louvre structure with the planes of 
the louvres being essentially perpendicular to the 

20 plane of the film. 

7. A system according to Claim 6 wherein the collimat- 
ing device consists of a pair of adjacent louvre films, 
each with a relatively low ratio of louvre spacing to 

25 fj|m thickness. 

8. A system according to any one of Claims 1 to 7 
wherein the transmission type liquid crystal display 
is a twisted nematic or super-twisted nematic. 

30 

9. An automatic teller machine including a display 
screen, wherein the display screen has a variable 
viewing angle and the machine is characterised in 
that the variable display viewing angle is provided 

35 by a system according to any one of claims 1 to 8. 

10. An automatic teller machine according to Claim 9 
and including means controlling the variable view- 
ing angle display in accordance with the operating 

40 status of the automatic teller machine. 



ing transmission type liquid crystal display, and 
characterised by means for collimating the illumina- 45 
tion from the backlight display to a greater or lesser 
extent. 

2. A system according to Claim 1 wherein the variable 
collimator means consists essentially of a collimator so 
device adjacent the diffuse backlight illumination 
source and, between the collimator device and the 
transmission type liquid crystal display, a transpar- 
ent/translucent member of controllable diffusivity. 

55 

3. A system according to Claim 2 wherein the control- 
lable diffusivity member is controllable between a 
state in which it is entirely transparent, and allows 
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